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© Method of reproduction from magneto-optical recording medium. 



© The present invention is intended to improve the 
track recording density and track density of a mag- 
netooptic recording medium (1) to prevent the dete- 
rioration of characteristics due to the variation of 
reproducing power. After recording information sig- 
nals on a magnetooptic recording medium having at 
least a reproducing layer (3), an intermediate layer 
(4) and a record hold layer (5), the direction of 
magnetization of the reproducing layer is turned in 
the direction of an initializing magnetic field. The 
reproducing layer (3) is irradiated with a laser beam 
and a reproducing magnetic field is applied to the 
same simultaneously to heat the reproducing layer 
(3) in a temperature distribution so that a region 
remaining in an initialized state, a region to which 
information signals are transferred and a region 
magnetized in the direction of the reproducing mag- 
netic field are formed. Magnetic signals are read 
from the region of the reproducing layer to which 
information signals have been transferred. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method of 
reproducing signals recorded on a magnetooptic 
recording medium, for reading information bits 
(magnetic domains) by magnetooptic effect and, 
more particularly, to techniques for enhancing track 
recording density and track density. 

Description of the Prior Art 

According to the fundamental principle of a 
magnetooptic recording system, a portion of a 
magnetic thin film is heated locally to a tempera- 
ture higher than the Curie temperature or the com- 
pensation temperature to nullify the coercive force 
of the heated portion and to invert the direction of 
magnetization of the heated portion in the direction 
of an external recording magnetic field applied 
thereto. Accordingly, the magnetooptic recording 
system employs a magnetooptic recording medium 
comprising a transparent substrate, such as a poly- 
carbonate substrate, and a laminated recording lay- 
er formed on one major surface of the transparent 
substrate, consisting of a magnetic recording film 
having an easy direction of magnetization perpen- 
dicular to its surface and having excellent mag- 
netooptic characteristics, such as an amorphous 
rare earth metal-transition metal alloy film, a reflect- 
ing film and a dielectric film, and irradiates the 
magnetooptic recording medium with a laser beam 
from the side of the transparent substrate to read 
signals. 

The track recording density of optical disks, 
such as digital audio disks (so-called compact 
disks) and video disks, as well as a magnetooptic 
recording medium, is dependent principally on the 
SN ratio of reproduced signals, and the signal 
quantity of reproduced signals is greatly dependent 
on the period of the bit string of recorded signals, 
the wavelength of a laser beam emitted by the 
laser of a reproducing optical system, and the 
numerical aperture of the objective lens of the 
reproducing optical system. 

The bit period f corresponding to a detection 
limit is expressed by: f = X/2N.A., where X is the 
wave length of a laser beam emitted by the laser of 
the reproducing optical system, and N.A. is the 
numerical aperture of the objective lens. 

Since crosstalk limiting the track density is 
dependent mainly on the intensity distribution 
(profile) of the laser beam on the surface of the 
recording medium, the track density, similarly to 
the bit period, is expressed generally by a function 
of X/2 and numerical aperture N.A.. 

Accordingly, the reproducing optical system 



employs, basically, a laser that emits a laser beam 
of a short wavelength X and an objective lens 
having a large numerical aperture N.A.. 

However, according to the present status of art, 

s improvement in the wavelength X of the laser beam 
and the numerical aperture N.A. of the objective 
lens is limited. On the other hand, techniques have 
been developed to improve recording density 
through the improvement of the construction of the 

io magnetooptic recording medium and the reading 
method. 

For example, the applicant of the present pat- 
ent application proposed a system that improves 
reproducing resolution by locally enlarging, reduc- 

75 ing or extinguishing an information bit (magnetic 
domain) in reproducing a signal in Japanese Patent 
Laid-open (Kokai) Nos. Hei 1-143041 and Hei 1- 
143042. This system employs a magnetic record- 
ing layer of an exchange-coupled multilayer film 

20 consisting of a reproducing layer, an intermediate 
layer and a record hold layer, and reduces interfer- 
ence between information bits in reproducing sig- 
nals by heating a magnetic domain of the re- 
producing layer with a reproducing light beam to 

25 enlarge, reduce or extinguish a portion of the mag- 
netic domain heated at a high temperature to en- 
able the reproduction of signals of a period beyond 
the limit of diffraction of light. 

Although the track recording density can be 

30 improved to some extent by this system, it is 
difficult to improve the track density by this sys- 
tem. 

Under such circumstances, the applicant of the 
present patent application proposed a novel signal 

35 reproducing method capable of preventing cros- 
stalk and improving both track recording density 
and track density in Japanese Patent Laid-open 
(Kokai) No. Hei 1-229395. This method employs a 
recording layer of a multilayer film consisting of a 

40 reproducing layer and a record hold layer mag- 
netically coupled with the reproducing layer, turns 
the direction of magnetization of the reproducing 
layer beforehand in a direction, namely, erases 
signals in the reproducing layer, heats the repro- 

45 ducing layer at a temperature higher than a pre- 
determined temperature by irradiating the repro- 
ducing layer with a laser beam in reproducing 
signals to transfer only the magnetic signals written 
in the heated region of the record hold layer to the 

so reproducing layer to read the magnetic signals. 

In reproducing signals by this previously pro- 
posed signal reproducing method, however, the 
area to be transferred to the reproducing layer 
(reproducible area) expands with the increase of 

55 reproducing power, which deteriorates frequency 
characteristics of reproduction. 

SUMMARY OF THE INVENTION 
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The present invention has been made in view 
of the foregoing problems and it is therefore an 
object of the present invention to provide a signal 
reproducing method capable of improving both 
track recording density and track density and of 5 
obviating the deterioration of frequency characteris- 
tics due to increase in reproducing power. 

To achieve the object, the present invention 
provides a method of reproducing signals recorded 
on a magnetooptic recording medium comprising io 
at least a recording layer formed of a multilayer 
film consisting of a reproducing layer, an intermedi- 
ate layer and a record hold layer,- which are coup- 
led magnetically, the method comprising: initializ- 
ing the reproducing layer by an initializing mag- 75 
netic field to turn the direction of magnetization of 
the reproducing layer in an initial direction after 
recording signals in the record hold layer of the 
magnetooptic recording medium; irradiating the re- 
producing layer with a laser beam and applying a 20 
reproducing magnetic field to the reproducing layer 
to create a portion maintaining the initial state, a 
portion to which the magnetic domain pattern of 
the record hold layer is transferred and a portion 
having the same magnetic polarity as that or the 25 
reproducing magnetic field in an area correspond- 
ing to the spot of the laser beam by a temperature 
distribution formed by the laser beam; and convert- 
ing by magnetooptic effect a magnetic signal re- 
corded in the portion to which the magnetic domain 30 
pattern of the record hold layer has been trans- 
ferred to read the magnetic signal. 

The method of reproducing signals in accor- 
dance with the present invention turns the polarity 
of the magnetic field created in the reproducing 35 
layer from which signals are read in a predeter- 
mined direction by the initializing magnetic field to 
set the reproducing layer in an erased state. 

Then, the method irradiates the reproducing 
layer in the erased state with a laser beam and 40 
applies a reproducing magnetic field to the re- 
producing layer simultaneously. A portion maintain- 
ing the initial state, a portion to which the magnetic 
domain pattern of the record hold layer is trans- 
ferred and a portion having the same magnetic 45 
polarity as that of the reproducing magnetic field 
are created in an area corresponding to the spot of 
the laser beam by a temperature distribution 
formed by the laser beam. 

The state of magnetization of the portion main- 50 
taining the initial state and that of the portion hav- 
ing the same magnetic polarity as that of the 
reproducing magnetic field are always the same 
regardless of the pattern of magnetization of the 
record hold layer. 55 

Accordingly, these portions are masked opti- 
cally and recorded signals are read only from the 
portion to which the magnetic domain pattern has 



been transferred, which enables high-density re- 
production. 

Even if the reproducing power varies during 
reproduction, the area of the portion from which 
signals can be reproduced varies scarcely, so that 
the frequency characteristics can be maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
connection with the accompanying drawings, in 
which: 

Fig. 1 is a schematic sectional view of an essen- 
tial portion of a magnetooptic recording medium; 
Fig. 2 is a schematic typical perspective view of 
a magnetooptic reproducing device; 
Fig. 3 is a typical view showing a magnetized 
state of a three-layer magnetooptic recording 
medium after signals have been recorded; 
Fig. 4 is a typical view showing a magnetized 
state of a three-layer magnetooptic recording 
medium during initialization; 
Fig. 5 is a view showing a temperature profile in 
a portion irradiated with a laser beam for signal 
reproduction and a magnetized state during sig- 
nal reproducing operation; 

Fig. 6 is a typical view of regions formed within 
the field of a lens when a small reproducing 
power is applied to a magnetooptic recording 
medium; 

Fig. 7 is a typical view of regions formed within 
the field of a lens when a large reproducing 
power is applied to a magnetooptic recording 
medium; 

Fig. 8 is a typical view showing a magnetized 
state of a four-layer magnetooptic recording me- 
dium after signals have been recorded; 
Fig. 9 is a typical view showing a magnetized 
state of a four-layer magnetooptic recording me- 
dium during initialization; 

Fig. 10 is a typical view showing a magnetized 
state of a four-layer magnetooptic recording me- 
dium after initialization; 

Fig. 1 1 is a typical view showing a temperature 
profile formed by irradiation with a laser beam 
for signal reproduction, and a magnetized state 
during signal reproducing operation; 
Fig. 12 is a graph showing the variation of C/N 
with the thickness of the auxiliary reproducing 
layer of a four-layer magnetooptic recording me- 
dium; 

Fig. 13 is a graph showing the variation of C/N 
with the composition of the intermediate layer of 
a four-layer magnetooptic recording medium; 
Fig. 14 is a graph showing the variation of C/N 
with the composition of the auxiliary reproducing 



JSDOCID: <EP (M92581 A2J_> 



5 



EP 0 492 581 A2 



6 



layer of a four-layer magnetooptic recording me- 
dium; and 

Fig. 15 is a graph showing the frequency char- 
acteristics of C/N in carrying out a signal re- 
producing method in a preferred embodiment 
according to the present invention in comparison 
with those in carrying out a signal reproducing 
method using only an initialized region and a 
transfer region for reproducing operation. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to 
the accompanying drawings. 

First Embodiment 

A signal reproducing method in a first embodi- 
ment according to the present invention employs a 
magnetooptic recording medium 1 having a record- 
ing layer of a three-layer construction consisting of 
a reproducing layer, an intermediate layer and a 
record hold layer. 

As shown in Fig. 1 , the magnetooptic recording 
medium 1 has a reproducing layer 3, an intermedi- 
ate layer 4 and a record hold layer 5 formed 
sequentially in that order on a transparent substrate 
2 of polycarbonate or glass. 

The reproducing layer 3 is formed of a material 
having excellent magnetooptic characteristics, a 
large Kerr rotation angle and a large Faraday rota- 
tion angle. The record hold layer 5 is a perpendicu- 
larly magnetizable film having a large coercive 
force. The reproducing layer 3 and the record hold 
layer 5 are magnetically coupled by magnetostatic 
coupling or exchange coupling. 

The reproducing layer 3 has Curie temperature 
T C i, coercive force H C i, magnetization M S1 and 
thickness hi. The intermediate layer 4 has Curie 
temperature Tqz, coercive force H^, magnetization 
Msa and thickness h 2 . The record hold layer 5 has 
Curie temperature T^, coercive force Hc3, mag- 
netization Ms3 f thickness h 3 and interfacial domain 
wall energy a w . 

As shown in Fig. 2, a magnetooptic reproduc- 
ing device for reading information signals recorded 
on the magnetooptic recording medium is provided 
with two magnetic heads, namely, an initializing 
magnet 6 for applying an initializing magnetic field 
H ini to the magnetooptic recording medium 1 and a 
reproducing magnet 7 for applying a reproducing 
magnetic field H read to the magnetooptic recording 
medium 1, and an optical head (optical pickup) 8. 

The reproducing magnet 7 and the optical 
head 8 are disposed vis-a-vis at a position, and the 
initializing magnet 6 is disposed before the re- 



producing magnet 7 and the optical head 8 with 
respect to the direction of movement of the mag- 
netooptic recording medium 1 . 

The signal reproducing method employing the 
5 magnetooptic recording medium 1 and the mag- 
netooptic reproducing device will be described 
hereinafter. 

The magnetooptic recording device records in- 
formation signals on the record hold layer 5 by 

w either a light modulation system or a magnetic field 
modulation system. It is also possible to record 
magnetic signals with a magnetic head on a per- 
pendicularly magnetizable film formed contiguously 
with the record hold layer 5 and to transfer the 

rs magnetic signals recorded on the perpendicularly 
rr. agr>etjzable film to the record hold layer 5 by 
•rradiatiog the perpendicularly magnetizable film 
with a laser beam. 

Fig 3 shows a state in which information sig- 

20 nals are recorded on the magnetooptic recording 
it. orb um 

In reprortt icing the recorded information sig- 
nals, tbo initializing magnet 6 applies the initializing 
mag^tic held H tnj to the magnetooptic recording 

25 medium 1 to initialize only the reproducing layer 3 
as shown m Fig. 4. 

When the initializing magnetic field H ini is ap- 
plied to tho magnetooptic recording medium 1, the 
direction of magnetization of the reproducing layer 

30 3 is turned in the direction of the initializing mag- 
netic field H mi . In regions where the direction of 
magnetization of the record hold layer 5 is reverse 
to that of the reproducing layer 3, magnetic domain 
walls are formed in the intermediate layer 4. 

35 The initializing magnetic field H ini must meet an 

expression: 

H in , > Hc2 - o w /2Ms3.h 3 (1) 

40 to invert the direction of magnetization of the re- 
producing layer 3. 

The initializing magnetic field H rni must meet an 
expression: 

45 H jnj < Hca - a w /2M S3 -h 3 (2) 

to hold the information signals stored on the record 
hold layer 5 when the initializing magnetic field H ini 
is applied to the magnetooptic recording medium 
so 1. 

The following expression must be satisfied to 
maintain the magnetic domain walls between the 
reproducing layer 3 and the record hold layer 5 
after the initializing magnetic field H inj has been 
55 applied to the magnetooptic recording medium 1 . 

Hci > oJZM&.hy (3) 
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After the reproducing layer 3 has been initial- 
ized, the magnetooptic recording medium 1 is irra- 
diated with a laser beam by the optical head 8 and 
a reproducing magnetic field H read is applied to the 
same by the reproducing magnet 7 at the position s 
where the reproducing magnet 7 and the optical 
head 8 are disposed vis-a-vis to read the informa- 
tion signals. 

When the magnetooptic recording medium 1 is 
irradiated with the laser beam LB to read the in- io 
formation signals, the magnetooptic recording me- 
dium 1 is heated in a temperature distribution as 
shown in Fig. 5. 

In this temperature distribution, the temperature 
of the front portion of the magnetooptic recording 75 
medium 1 with respect to the running direction 
indicated by an arrow X is the highest, and tem- 
perature decreases gradually toward the back por- 
tion. 

If the reproducing magnetic field H read meeting 20 
an expression: 

H C i - o w /2M sl .hi < H read < H C1 + o w /2M s1 .hi 
(4) 

is applied to the reproducing layer 3 of a tempera- 
ture not lower than T m (T^ < Tea, Tcz < T C1 . and 
T«> < Tc3), the direction of magnetization of re- 
gions in which magnetic domain walls are formed 
can be inverted by the exchange force between the 30 
reproducing layer 3 and the record hold layer 5. 

Accordingly, the magnetic domain pattern P of 
the record hold layer 5 corresponding to a region 
of the magnetooptic recording medium heated to a 
temperature not lower than the temperature T m is 35 
transferred to the reproducing layer 3. 

A region heated to a temperature not lower 
than a temperature T m ' (T m ' > T m , T m ' < T C i, and 
T m ' < Tc3) satisfies an inequality: H read > H C1 + 
o w /2M s ,.hi . In this state, the reproducing layer is 40 
magnetized in the direction of the reproducing 
magnetic field. Such a region is a region a in Fig. 
5. 

Accordingly, only the magnetic domain pattern 
P of a region 0 of the record hold layer 5 shown in 45 
Fig. 5 is transferred to the reproducing layer 3. 

On the other hand, the direction of magnetiz- 
ation of a region y (Fig. 5) heated to a temperature 
lower than the temperature T m cannot be inverted 
by the reproducing magnetic field H read , and the so 
region y remains in the initial state. 

According to the signal reproducing method, 
the direction of magnetization of the region y in the 
reproducing layer 3 is always the same as the 
direction of the initializing magnetic field H ini , and 55 
the direction of magnetization of the region a in the 
reproducing layer 3 is turned in the direction of the 
reproducing magnetic field H read . Such a state- is 



equivalent to an optically masked state, which en- 
hances the track recording density greatly. When 
the temperature distribution is controlled so that the 
temperature of the boundary between the adjacent 
reproducing tracks is lower than the temperature 
T m , the information signal stored in a region of the 
record hold layer 5 under a track is never trans- 
ferred to the reproducing layer 3 and hence cros- 
stalk is prevented. 

The signal reproducing method in the first em- 
bodiment deteriorates frequency characteristics 
scarcely even if the reproducing power of the laser 
beam varies. 

Although a reduced region is heated to a tem- 
perature not lower than the temperature T m if the 
reproducing power is low and hence the direction 
of magnetization of a reduced region of the re- 
producing layer 3 is inverted as shown in Fig. 6, 
the size of the region £ of the record hold layer 5 
from which the magnetic domain pattern P is trans- 
ferred to the reproducing layer 3 is changed 
scarcely because a reduced region (the region a) 
is heated to a temperature not lower than the 
temperature T m . if the reproducing power is low. 

On the contrary, although an increased region 
is heated to a temperature not lower than the 
temperature T m as shown in Fig. 7 and the direc- 
tion of magnetization of an increased region of the 
reproducing layer 3 is inverted if the reproducing 
power is high, the size of the region 7 of the record 
hold layer 5 from which the magnetic domain pat- 
tern P is transferred to the reproducing layer 3 is 
changed scarcely because an increased region (the 
region 7 ) is heated to a temperature not lower than 
the temperature T m .. 

Second Embodiment 

A signal reproducing method in a second em- 
bodiment according to the present invention em- 
ploys a magnetooptic recording medium having a 
four-layer recording layer consisting of a reproduc- 
ing layer, an auxiliary reproducing layer, an inter- 
mediate layer and a record hold layer. 

Although the four-layer recording layer is the 
same in function as the three-layer recording layer, 
conditions for forming the component layers of the 
four-layer recording layer are less strict than those 
for forming the three-layer recording layer. 

In the following description of signal reproduc- 
ing conditions, T C1> H C i, M S1 and hi are the Curie 
temperature, coercive force, magnetization and 
thickness, respectively, of the reproducing layer 3, 
T c2a. Hc2 a , Ms2 a and h 2a are the Curie temperature, 
coercive force, magnetization and thickness, re- 
spectively, of the auxiliary reproducing layer 4a, 
T C2t>. Hc2 b , Msgb and h 2b are the Curie temperature, 
coercive force, magnetization and thickness, re- 
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spectively, of the intermediate layer 4b, Tc3, Hc3, 
Ms3 and h3 are the Curie temperature, coercive 
force, magnetization and thickness, respectively, of 
the record hold layer 5, and a w2b is the interfacial 
domain wall energy of the intermediate layer 4b. 

Information signals are recorded in the same 
manner as that carried out by the signal reproduc- 
ing method in the first embodiment. The informa- 
tion signals are written in all the four layers as 
shown in Fig. 8. 

The signal reproducing method in the second 
embodiment employs the same magnetooptic re- 
producing device as that employed by the signal 
reproducing method in the first embodiment. First, 
an initializing magnetic field H in , is applied to the 
magnetooptic recording medium to initialize the 
reproducing layer and the auxiliary reproducing 
layer 4a in a state as shown in Fig. 9. 

The initializing magnetic field H ini must be 
greater than the sum H C1 + of the average coercive 
force(H c1 , Hc2a)Avc of the coercive force H C1 of the 
reproducing layer 3 and the coercive force H C2a of 
the auxiliary reproducing layer 4a, and the inter- 
facial domain wall energy o w2b produced in the 
intermediate layer 4b to turn the respective direc- 
tions of magnetization of the reproducing layer 3 
and the auxiliary reproducing layer 4a in the direc- 
tion of the initializing magnetic field H inj ; that is: 

H ini > (H C i, Hc2a)AVG + <W2(M s ,.hi + M^.h^) 
= H C i + (5) 

where 

(H C 1, H C2a ) A VG = (M S1 .hi + M S 2a h2a-H C 2a)/(Msi.hi 

+ Ms2a.h 2a ) (6) 

H ci < (Hci , Hc2 a ) AVG < H^a (7) 

The information signals must be held on the 
record hold layer 5 in turning the direction of 
magnetization of the reproducing layer 3 and the 
auxiliary reproducing layer 4a in the direction of the 
initializing magnetic field H jnj . Accordingly, the fol- 
lowing expression must be satisfied. 

Him > - Ov^b^Msa-ha (8) 

The following expression must be satisfied to 
secure the magnetic domain wall formed in the 
intermediate layer 4b after initialization by the ini- 
tializing magnetic field H ini . 

(H C i, Hc2 a ) AVG > 0^2(1^ .hi + Ms2 a -h 2 a) (9) 

When the component layers of the magnetoop- 
tic recording medium meet the foregoing condi- 
tions at a room temperature, the respective direc- 



tions of magnetization of regions of the reproducing 
layer 3 and the auxiliary reproducing layer 4a ini- 
tialized by the initializing magnetic field H jni are 
turned in the direction of the initializing magnetic 

5 field H inj as shown in Fig. 10 (upward in Fig. 10). 
This state is maintained until the magnetooptic 
recording medium is irradiated with a reproducing 
laser beam, and no reproduced output signal is 
detected in this state. 

io Then, the magnetooptic recording medium is 

irradiated with a laser beam so that the same is 
heated in a temperature distribution similar to that 
in the magnetooptic recording medium having the 
three-layer recording layer and the reproducing 

is magnetic field H read is applied to the magnetooptic 
recording medium to read the information signals. 

When irradiated with the laser beam LB, the 
magnetooptic recording medium is heated in a 
temperature distribution as shown in Fig. 11. In this 

20 case also, the temperature of the front portion with 
respect to the running direction of the magnetoop- 
tic recording medium 1 indicated by an arrow X is 
the highest, and the temperature decreases gradu- 
ally toward the back portion. 

25 The respective directions of magnetization of 

regions of the reproducing layer 3 corresponding to 
magnetic domain walls can be inverted by the 
exchange force between the reproducing layer 3 
and the record hold layer 5 by applying the re- 

30 producing magnetic field H read meeting an expres- 
sion: 

Hcv< H read < H C1+ (10) 

35 to the magnetooptic recording medium at a tem- 
perature T n <T n < T C2a , Tc2 a < T C1 , Tcaa < Tc2t>, and 

Tc2a < Tc3). 

Hci- = (Hci. Hc^Javg - <*w2i>/2(M s1 .hi + Ms^.h^)- 

40 (11) 

Hci+ = (H C1 , H C2 ) avc + a w2b /2(M S i-hi + M S2a .h 2a ) 

Conditions are determined so that an inequal- 
45 ity: H r ead > H C i is satisfied at a temperature not 
lower than a temperature T„. (T n - > T n> T n > > T C i 
and T n . > To,). 

When the magnetooptic recording medium is 
heated in the temperature distribution shown in Fig. 
so 11, in which the temperature of a region y is in the 
range of a room temperature to T n , the temperature 
of a region £ is in the range of T n to T n ., and the 
temperature of a region a is not lower than T n «, 
Hread < H C1 . in the region -y. Therefore, the direction 
55 of magnetization of the reproducing layer 3 is not 
inverted, and the reproducing layer 3 and the auxil- 
iary reproducing layer 4a remains in the initialized 
state, in which the directions of magnetization of 
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the reproducing layer 3 and the auxiliary reproduc- 
ing layer 4a are the same as the direction of the 
initializing magnetic field H inj . 

As mentioned above, since H C1 . < H read < H C1 + 
in the region >S, magnetic domain wall of the inter- 
mediate layer 4b corresponding to the region p 
disappears and the information signal is transferred 
from the record hold layer 5 to the reproducing 
layer 3 and the auxiliary reproducing layer 4a; that 
is, a magnetic pattern is transferred from the 
record hold layer 5 to the region & and a magnetic 
domain pattern P corresponding to the recording 
signal is formed in the region ft. 

Since the temperature of the region a is higher 
than the temperature T n ., and Hci < H read in the 
region or, the direction of magnetization of the re- 
producing layer 3 is the same as the direction of 
the reproducing magnetic field H read . 

Thus, the regions y and a are in a state equiv- 
alent to an optically masked state, so that track 
recording density is increased greatly. 

The signal reproducing method in the second 
embodiment, similarly to the signal reproducing 
method in the first embodiment, deteriorates fre- 
quency characteristics scarcely even if the repro- 
ducing power of the laser beam varies. 

A magnetooptic recording medium meeting the 
foregoing conditions was fabricated and its C/N 
characteristic was evaluated. 

The magnetooptic recording medium has the 
following construction. 

Reproducing layer 3:GdFeCo (Curie temp. T C i > 
300° C) 

Auxiliary reproducing layer 4a: TbFeCoAl 

(Curie temp. T^ = about 120* C) 

Intermediate layer 4b: GdFeCo (Curie temp. Tc2b 

= about 250 4 C) 

Memory layer 5: TbFeCo (Curie temp. Tc3 = about 
300 • C) 

When the intermediate layer is a transition 
metal-rich (TM-rich) layer, the films of the layers 
were formed in thickness and coercive force as 
follows. 
Hi = 300 A 
h 2a = 50 to 100 A 
(H C i, Hc2 a ) AVG = 1 to 4 kOe 
h 2b = 200 A 
Heat < 1 kOe (TM-rich) 
h 3 = 450 A 

Hc3 = 7 kOe (TM-rich) to 10 kOe (RE-rich) 

After initializing the magnetooptic recording 
medium by applying an initializing magnetic field 
H jni of 4 kOe to the same, a reproducing magnetic 
field H read in the range of 200 to 600 Oe was 
applied to the magnetooptic recording medium and 
the magnetooptic recording medium was irradiated 
with a laser beam of 3 mW on the surface of the 
magnetooptic recording medium for signal repro- 



duction. A sufficiently large C/N was obtained for a 
bit period of 0.8 urn (linear speed = 8 m/sec, 
frequency = 10 MHz). 

Fig. 12 is a graph showing the variation of C/N 
5 with the thickness h 2a of the auxiliary reproducing 
layer 4a. As is obvious from Fig. 12, C/N is 44 dB 
or higher for the thickness h 2a in the range of 50 to 
100 A. 

Fig. 13 is a graph showing the variation of C/N 
70 with the Gd content of the intermediate layer 4b, 
and Fig. 14 is a graph showing the variation of C/N 
with the Tb content of the auxiliary reproducing 
layer 4a. As is obvious from Frgs. 13 and 14, C/N 
is satisfactory. 

15 Fig. 15 shows the frequency characteristic of 

C/N. As is obvious from Fig. 1 5, the value of C/N in 
the high-frequency band indicated by a curve A in 
Fig. 15 in reproducing information signals by the 
signal reproducing method in the second embodi- 

20 ment, i.e., a signal reproducing method of a two- 
mask system, as compared with that of C/N in- 
dicated by a curve B in Fig. 15 in reproducing 
information signals by a signal reproducing method 
of a single-mask system which reads information 

25 signal simply transferring the magnetic signals re- 
corded in the record hold layer to the reproducing 
layer. 

When the intermediate layer is a rare earth 

metal-rich (RE-rich) film, the films of the layers 
30 were formed in the thickness and coercive force as 

follows. 

h! = 300 A 

ha* = 50 to 110 A 

(Hci, Hcaa^vG = 0.9 to 4 kOe 
35 h 2b = 200 A 

Hc2b < 1 kOe (Re-rich) 

h 3 = 450 A 

Hca = 7 kOe (TM-rich) to 10 kOe (RE-rich) 

Film forming conditions for forming the RE-rich 

40 intermediate layer are somewhat more strict than 
those for forming the TM-rich intermediate layer. 

After initializing the magnetooptic recording 
medium by applying an initializing magnetic field 
H ini = 4 kOe, a reproducing magnetic field H read = 

45 20 to 600 Oe was applied to the magnetooptic 
recording medium and the magnetooptic recording 
medium was irradiated with a laser beam of 3 mW 
in reproducing power on the surface of the mag- 
netooptic recording medium to reproduce informa- 

50 tion signals. Sufficiently large C/N was obtained for 
a bit period of 0.8 urn (linear speed = 8 m/sec, 
frequency = 10 MHz). 

As is apparent from the foregoing description, 
according to the present invention, the magnetoop- 

55 tic recording medium is heated with a reproducing 
laser beam in a temperature distribution so that a 
region remaining in the initialized state, a region to 
which the information is transferred from the record 
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hold layer, and a region magnetized in the same 
direction as that of the reproducing magnetic field 
are formed in the field of the tens. Accordingly, a 
portion of the magnetooptic recording medium 
within the field of the lens can be set in a state 5 
equivalent to an optically masked state, which en- 
ables track recording density and track density to 
be improved greatly. Furthermore, the region to 
which the information is transferred from the record 
hold layer is neither expanded nor reduced even if 10 
the reproducing power varies, and frequency char- 
acteristics during reproducing operation are sat- 
isfactory. 

Claims 75 

1. A method of reproducing signals recorded on a 
magnetooptic recording medium (1) compris- 
ing at least a recording layer formed of a 
multilayer film consisting of a reproducing lay- 20 
er (3), an intermediate layer (4) and a record 
hold layer (5), which are coupled magnetically, 
said method comprising: 

initializing the reproducing layer by an ini- 
tializing magnetic field to turn the direction of 25 
magnetization of the reproducing layer in an 
initial direction after recording signals in the 
record hold layer of the magnetooptic record- 
ing medium; 

irradiating the reproducing layer with a la- 30 
ser beam and applying a reproducing mag- 
netic field to the magneto-optical recording 
medium to create a portion maintaining the 
initial state, a portion to which the magnetic 
domain pattern of the record hold layer is 35 
transferred and a portion having the same 
magnetic polarity as that of the reproducing 
magnetic field in an area corresponding to the 
spot of the laser beam by a temperature dis- 
tribution formed by the laser beam; and 40 

converting by magnetooptic effect a mag- 
netic signal recorded in the portion to which 
the magnetic domain pattern of the record hold 
layer has been transferred to read the mag- 
netic signal. 45 

2. A method of reproducing signals recorded on a 
magnetooptic recording medium comprising at 
least a recording layer formed of a multilayer 
film consisting of a reproducing layer, an inter- 50 
mediate layer, and a record hold layer, which 
are coupled magnetically, said method com- 
prising: 

turning the direction of magnetization of 
the reproducing layer for initialization in the 55 
direction of an initializing magnetic field H ini 
meeting inequalities: 



Hini > H C1 + o w /2M s1 .hi 
Hini < Hc3 * tf w /2Ms3.h3 

by applying the initializing magnetic field H ini 
to the magnetooptic recording medium; 

irradiating the reproducing layer with a la- 
ser beam to form a first region of a tempera- 
ture lower than a temperature T m , a second 
region of a temperature not lower than the 
. temperature T m and lower than a temperature 
Tm-, and a third region of a temperature not 
lower than the temperature T m f within the spot 
of the laser beam with application of a re- 
producing magnetic field H fead to the mag- 
netooptic recording medium; and 

reproducing the information recorded in 
the record hold layer from the reproducing 
layer in an optical signal by magnetooptic ef- 
fect. 

3. A method of reproducing signals recorded on a 
magnetooptic recording medium according to 
claim 1, wherein said reproducing layer is 
formed of a GdFeCo alloy, said auxiliary re- 
producing layer is formed of a TbFeCoAl alloy, 
said intermediate layer is formed of a GdFeCo 
alloy, and said record hold layer is formed of a 
TbFeCo alloy. 

4. A method of reproducing signals recorded on a 
magnetooptic recording medium comprising at 
least a recording layer formed of a multilayer 
film consisting of a reproducing layer, an auxil- 
iary reproducing layer, an intermediate layer 
and a record hold layer, which are coupled 
magnetically, said method comprising: 

turning the direction of magnetization of 
the reproducing layer for initialization in the 
direction of an initializing magnetic field H ini 
meetinginequalities: 

Hini > (H C1 , Hc2a)AVG + <*w2b/2(M S i .hi + 

Ms2a-"2a) = H C 1 + 

Hinj > H C3 - CT w2 b/2Ms3.h3 

where: 

(Hci. Hc2a)AVG = (Ms1.h1.Hc1 + 
Ms2a-h2aHc2a)/(M s1 .hi + Ms2ah2a) 
Hci < (Hci, Hc2a)AVG < Hc2a 

(Hci. HcaaJAVG > <W2(M sl .hi + Mssa.hza) 

by applying the initializing magnetic field H, ni 
to the magnetooptic recording medium storing 
signals; 

irradiating the reproducing layer with a la- 
ser beam to form a region of a temperature 
lower than a temperature T n , a region of a 
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temperature not lower than the temperature T n 
and lower than a temperanture T n -, and a re- 
gion of a temperature not lower than the tem- 
perature T n within the spot of the laser beam 
with application of a reproducing magnetic field 5 
Hread to the magnetooptic recording medium; 
and 

reproducing the information recorded in 
the record hold layer through the reproducing 
layer in an optical signal by magnetooptic ef- w 
feet. 



75 



20 



25 



30 



35 



40 



45 



50 



55 



9 



SDOCID: <EP 0492581 A2 J _> 



EP 0 492 581 A2 



FIG. I 




8 



ISDOCID: <EP 0492581 A2 I > 



10 



EP 0 492 581 A2 



F I G. 3 



I 


t 


I 


I 


I 




3 


I 


t 


I 


I 


I 


t - 


4 


I 


I 


I 


I 


]. 


I - 


— 5 



F I G. 4 



Hini 



RUNNING 
DIRECTION 



I 


t 


t 


I 


I 


I J 


3 


I 


I 




I 




I 1 


-4 


I 






I 


I 


1 - 


5 



ISDOCID: <EP 0492581A2 I > 



11 



EP 0 492 581 A2 




NSDOCID: <FP 04P5>SR1 ho I ^ 



12 



EP 0 492 581 A2 




EP 0 492 581 A2 



F I G. 8 





I 


I 


I 


I. 


I 


I - 


— — 3 




I 


I 


t 


I 


I 


I - 


4o 




I 


I 


I 


I 


I 


I - 


— — 4b 




I 


I 


I 


I 


f 


I - 


5 




F I G. 9 

Hini 




t 


I 


till —3 




I 


I 


till -40 




f 


I 


I 




I 




4b 




I 


I 


I 


I 


I 


I ' 


5 


FIG. 10 




I I 4o 




I 




I 




I 




-4b 




f 


I 


I 


I 


t 


I 


-5 



EP 0 492 581 A2 

FIG. II 




X 



SDOCID:<EP OdfKwtA? i ^ 



EP 0 492 581 A2 



FIG. 12 



oo 



^ 45 




IOO 



THICKNESS OF THE AUXILIARY 0 
REPRODUCING LAYER (A) 



FIG. 13 



46 




COMPOSITION OF THE 
INTERMEDIATE LAYER 



20 21 
( Gd %) 



1R 



EP 0 492 581 A2 





35 - 



30, 

d 4 6. 6 10 

FREQUENCY (MHz) 



4SDCCID: <EP 0492581 A2J_> 



17 



© 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 492 581 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 91122119.0 
© Date of filing: 23.12.91 



© int. CI. 5 : G1 1B 1 1/10, G1 1 B 7/00 



® Priority: 28.12.90 JP 418110/90 


© Applicant: SONY CORPORATION 


© Date of publication of application: 


7-35, Kitashinagawa 6-chome Shinagawa-ku 


Tokyo(JP) 


01.07.92 Bulletin 92/27 


© Designated Contracting States: 


© Inventor: Ohta, Masumi 


c/o Sony Corporation, 7-35 Kitashinagawa 


AT DE FR GB 


6-chome 


® Date of deferred publication of the search report: 


Shinagawa-ku, Tokyo(JP) 


Inventor: Aratani, Katsuhisa 


05.08.92 Bulletin 92/32 


c/o Sony Corporation, 7-35 Kitashinagawa 




6-chome 




Shinagawa-ku, Tokyo(JP) 




® Representative: TER MEER - MULLER - 




STEINMEISTER & PARTNER 




Mauerkircherstrasse 45 




W-8000 Munchen 80(DE) 



CO 

< 

00 

m 
cm 



© Method of reproduction from magneto-optical recording medium. 



© The present invention is intended to improve the 
track recording density and track density of a mag- 
netooptic recording medium (1) to prevent the dete- 
rioration of characteristics due to the variation of 
reproducing power. After recording information sig- 
nals on a magnetooptic recording medium having at 
least a reproducing layer (3), an intermediate layer 
(4) and a record hold layer (5), the direction of 
magnetization of the reproducing layer is turned in 
the direction of an initializing magnetic field. The 
reproducing layer (3) is irradiated with a laser beam 
and a reproducing magnetic field is applied to the 
same simultaneously to heat the reproducing layer 
(3) in a temperature distribution so that a region 
remaining in an initialized state, a region to which 
information signals are transferred and a region 
magnetized in the direction of the reproducing mag- 
netic field are formed. Magnetic signals are read 
from the region of the reproducing layer to which 
information signals have been transferred. 
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